Aim: The present study was conducted to estimate genetic distance, the phylogenetic relationship, and time of divergences using mitochondrial DNA (mtDNA).
Introduction
In India, the genetic diversity of sheep breeds is declining and results in breed dilution due to crossbreeding policy, intercrossing of sheep germplasm, and modern agricultural practices. Information on genetic variability among breeds may help in the development of breeding programs and is a prerequisite for conservation of genetic resources and germplasm [1] .
The structure and function of mitochondrial DNA (mtDNA) have been a popular area of research in molecular evolution, classification, population genetics analysis, aging, disease diagnosis, apoptosis, and the analysis of quantitative trait loci [2] . At present, mtDNA plays an important role in estimating the genetic diversity and phylogenetic relationship in livestock species including sheep [3] . The cytochrome b (Cyt-b) is an essential part of the mtDNA and has been used for the identification of species' differences and divergence time between species or in breeds [4] . Previously, the genetic diversity and the phylogenetic evolution of Chinese sheep breeds have studied using Cyt-b gene [5] .
The purpose of this study was to estimate the genetic diversity, phylogenetic relationship, and time of divergence among Indian sheep breeds using the Cyt-b region mtDNA.
Materials and Methods

Ethical approval
The blood samples were collected as per standard procedure.
Experimental animals
A total 216 blood samples of six sheep breeds viz. Deccani, Nellore, Malpura, Chokla, Nali and Sonadi was taken into consideration. 5 ml blood was collected from unrelated individuals of each breed belonging to their native breeding tract. The blood samples were transported to the laboratory and stored at 4°C. The genomic DNA was isolated using phenol-chloroform extraction method [6] .
Polymerase chain reaction (PCR) amplification of mtDNA Cyt-b gene
The mtDNA Cyt-b region was amplified by primer pairs designed on the basis of available ovine mtDNA sequence Acc. No. AF 010406 [7] . The synthesized primer is as follows: Cyt-b F Forward 5'CATTGATCTCCCAGCTCCA3' and reverse Cyt-b R 5'GATGTAGGGGTGTTCAACTGG3'. The reaction conditions were optimized in 50 μl volume reaction volume comprising; 1× PCR buffer (NH4) 2SO4, 1.5 mM MgCl2, 100 μM dNTPs mix, 1.25 U Taq DNA polymerase, 100 nM of each primer, and 50 ng of DNA. The gradient PCR was carried out with the different annealing temperatures (58-62°C), and it was observed that annealing temperature of 61°C gave the best result. The amplification conditions were as follows; initial denaturation 95°C for 5 min (one cycle) followed by denaturation at 95°C for 30 s, annealing at 61°C for 30 s, extension at 72°C for 45 s for 34 cycles with a final extension at 72°C for 5 min. The amplified PCR product was run on 2.5% agarose gel at 100 V for 2 h.
Screening the different restriction enzymes
The amplified PCR product of Cyt-b region were screened for different restriction enzymes as Alu I, Ssp I, Taq I, Sac I, Mbo II, Bam HI and Rsa I. Digestion reaction per sample was set up in 5 μl reaction volume containing 10× buffer (1.0 μl), restriction enzyme (10 U/μl) (0.1 μl) and Milli Q water (3.9 μl). The 5 μl PCR product was taken, and equal volume of the digestion mixture was added. The PCR content was gently mixed by pipetting and incubated at least for 3 h. The digested products were run in a 2.5% agarose gel in 1% tris-borate-EDTA buffer. A 100 bp DNA ladder (MBI FERMENTAS) was also run along with the sample. The digested product was visualized and documented by Gel documentation system.
Analysis of molecular data
The samples are categorized in six sets, each set comprising 36 individuals (six individuals from each breed) in order to Deccani, Nellore, Malpura, Chokla, Nali and Sonadi. The generated restriction fragment length polymorphisms (RFLP) band profiles in each set were scored for their presence (1) or absence (0) and prepared binary data files. These RFLP band profile binary data files were utilized for estimation of genetic distance and phylogenetic tree using unweighted pair-group method with arithmetic mean analysis through neighbor procedure by POPGENE software program version 3.5 c [8] using standard genetic distance equation [9] .
The divergence time (t) was estimated using molecular clock equation given by Nei [9] . λ=d/2t Where, λ (substitution rate per nucleotide site per year). d (mean genetic distance between individual within the group or between groups). t (divergence time between individual within the group or between).
A sequence divergence of ~2% per million years for mtDNA has been reported among mammalian species, corresponding to a nucleotide substation rate of 1×10 −8 substation/site/year in lineage [10] .
Results and Discussion
MtDNA provides a better understanding about the genetic diversity and phylogenetic analysis of the sheep breeds than any conventional markers. Enzymes showing distinct band profiles; Alu I (n=2), Ssp I (n=3), Taq I (n=2), Sac I (n=5), Mbo II (n= 2), Bam HI (n= 4), and Rsa I (n= 4) utilized for screening of all six set of Deccani, Nellore, Malpura, Chokla, Nali, and Sonadi sheep breeds ( Figures-1 and 2 ). On the basis of RFLP pattern, the genetic distance was estimated are shown in Table- 1. In the present study, RFLP-PCR profile of the Cyt-b region in all set produces the varied results. Hence, the data of all six sets were pooled for estimation of genetic distance, and phylogenetic relationship gave the most reliable results.
The overall genetic distance was the lowest between Malpura and Chokla breed. The results indicated that Malpura and Chokla are closer to each other, this might be due to fact that both breeds belongs to the same geographical region (northwestern arid and semi-arid region of Rajasthan) represented less variation in the Cyt-b gene. In contrast, microsatellite marker analysis suggested that Nali is closer to Chokla than the Garole sheep [11] . It is highly unlikely that Garole sheep may not have resemblances to Nali or Chokla breeds; therefore, the similarity between the Nali and Chokla would be closer. It has been suggested that the individuals of Chokla breed might have some resemblances with the Malpura sheep due to the crossbreeding/intermixing of these breeds in the neighboring areas adopting by the farmers.
The Malpura breed showed the highest genetic distance with Sonadi sheep. The Malpura and Sonadi sheep are belonging to same geographic zones, northwestern arid and semi-arid region of Rajasthan. The possible reason may be due to both breeds might have different genetic background and have a variation in the gene pool, but these variations may not affect the phenotype in pronouncedly thereby both sheep have almost same phenotypic characteristics. Since Deccani and Nellore breeds have showed the lower genetic variability among them. The results indicated that the individuals of Deccani sheep clustered into Nellore sheep, which is indicating that both breeds have some resemblances to each other. Previously, the genetic diversity estimated by using randomly amplified polymorphic DNA (RAPD)-PCR among Marwari, Mandya, Madras Red and Muzaffaranagari sheep were studied by Kumar et al. [12] . The genetic distance among these breeds was ranged from 0.0761 to 0.1906. In the present study, the overall genetic distance was found lower than that the distance found in Indian sheep breeds by RAPD-PCR technique.
The dendrogram of pooled data set of six sheep breeds are shown in Figure-3 as well the estimated divergence time on the basis of genetic distance of pooled data set is given in Table- 2. The phylogenetic tree revealed that Malpura individuals clustered with Chokla followed by Deccani with Nellore sheep. The Deccani and Nellore sheep belongs to the peninsular region of the country. The Deccani and Nellore sheep belongs to the peninsular region of the country. Both Deccani and Nellore breeds are distributed in the similar type of climatic conditions, thereby having close resemblances in the phenotypes. Both breeds are mutton type and hairy. The Nali and Sonadi sheep fall into separate clade, which indicating that these breeds belong to same geographical zones, northwestern arid and semi-arid region of Rajasthan. Both breeds have phenotypic resemblances like fleece is completely white, and both are reared for dual purposes like meat and wool.
The divergence time of Indian Sheep ranges from 1.41 to 3.84 million years ago (MYA) with an average of about 3.063±0.27 MYA. The Cyt-b gene is considered more accurate for calibrating a molecular clock among mtDNA lineages in livestock species, because its pattern of evolution is well understood and presumably relatively constant among most mammal species [13] . The divergence time about ~375,000-750,000 year ago, among the European and Asian domestic sheep based on the mtDNA was given by Hiendleder et al. [14] . This study indicated that European and Asian domestic sheep breeds might diverge since the process of domestication. The phylogenetic estimates and divergence time using RFLP of mtDNA of cattle breeds was determined by about a 575,000 and 1150,000 year ago [15] . Similarly [16] , analyzed 10 goat breeds of India based on the control D-loop sequence and the divergence time estimated to be in between 201,000 and 280,000 years. The analysis of divergence time using Cyt-b region of mtDNA of goat breeds was about 201,380-281,932 years [17] .
Conclusion
The Cyt-b region of mtDNA using RFLP-PCR technique was suitable tool for analyzing genetic variability, phylogenetic relationship, and time of divergence among the Deccani, Nellore, Malpura, Chokla Nali, and Sonadi sheep breeds. Further study is required to sequence the complete region of Cyt-b region of sheep breed to understand the genetic architecture of Indian sheep breeds which will able us to formulate and adopt an appropriate strategies for conservation and further utilization of the sheep breeds for the improvement of the sheep productivity in the country.
